Therefore, cyclin B1::GFP is used here as a marker for signal generates cyclin B1 destruction using destructi-APC/C-dependent proteolysis, rather than as a marker ble and nondestructible GFP-tagged constructs. APC/ for MPF activity. To determine APC/C-mediated de-C activity was present in unfertilized eggs, giving cyclin struction of cyclin B1, the drop in GFP fluorescence was B1 a half-life of 1.15 Ϯ 0.28 hr. However, APC/Cdependent cyclin degradation was elevated 6-fold followed after synthesis of exogenously added cyclin when sperm raised cytosolic Ca 2؉ levels above 600 nM. B1::GFP was blocked. To confer some degree of speciThis activation was transitory since cyclin B1 levels ficity in synthesis inhibition, antisense deoxyribonucleorecovered between Ca 2؉ spikes. For continued cyclin tide to GFP was used in preference to cycloheximide. degradation at basal Ca 2؉ levels, multiple spikes were Antisense deoxynucleotide to GFP when microinjected needed. APC/C-mediated degradation was observed into eggs blocked cyclin B1::GFP synthesis and led to until eggs had completed meiosis with the formation an exponential decay in cyclin B1::GFP fluorescence of pronuclei, and, at this time, Ca 2؉ spikes stopped. (Figure 1B) , with a half-time for cyclin destruction of Therefore, the physiological need for a repetitive Ca The presence of an active APC/C in metaphase IIacts to decrease MPF activity, which is high at metaarrested mouse eggs could also be observed by using phase, and also cytostatic factor (CSF), which is respona microtubule-disrupting agent, which prevents APC/C sible for MPF stabilization before egg activation [2, 5-8].
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( Figure 1B) , with a half-time for cyclin destruction of Therefore, the physiological need for a repetitive Ca 2؉ 1.15 Ϯ 0.28 hr (mean Ϯ SD). This degradation was APC/ signal in mammals is to ensure long-term cyclin de-C dependent, since the same experiments performed struction during a protracted exit from meiosis.
with ⌬90 cyclin B1::GFP showed no destruction. Consistent with a block in degradation, through N terminus deletion of the destruction box and a block in translation Results and Discussion by the introduction of antisense deoxynucleotide, ⌬90 cyclin B1::GFP fluoresence levels stayed constant after Fertilization in most species generates a rise in cytosolic Ca 2ϩ that is both necessary and sufficient to cause cell antisense microinjection ( Figure 1B The presence of an active APC/C in metaphase IIacts to decrease MPF activity, which is high at metaarrested mouse eggs could also be observed by using phase, and also cytostatic factor (CSF), which is respona microtubule-disrupting agent, which prevents APC/C sible for MPF stabilization before egg activation [2, 5-8].
activation by the induction of a spindle checkpoint [14]. In frogs, from which most is known, a single Ca 2ϩ wave Incubation of cyclin B1::GFP-mRNA-injected eggs with initiated by the sperm acts through calmodulincolcemid led to a faster reported rate of cyclin B1 prodependent protein kinase II (CaMKII) to activate APC/C duction and, consequently, greater levels of cyclin B1 ubiquitin ligase activity, thereby targeting cyclin B1 for protein ( Figure 1B) . Note that the total fluorescence levproteolysis [5-6]. Thus, loss of MPF and entry into the els achieved with cyclin B1::GFP in the presence of first embryonic cell cycle is achieved within 10 min. colcemid exceeded those of ⌬90 cyclin B1::GFP, despite Less is known of the dynamics of cyclin B1 destruction the fact that both constructs are protected from APC/Cin mammalian eggs, in which some aspects of meiosis dependent destruction. However, this is likely to reflect are different than those of frog. In mammals, meiotic inherent differences in translation rates between mRNAs, as noted previously for truncated cyclin B1 constructs compared to full-length cyclin B1 [15]. In the immediate period following the first sperm-triggered Ca 2ϩ rise, the net rate of cyclin B1 synthesis was We needed to perform control experiments in order to show that the drop in GFP fluorescence associated not different statistically from the rate preceding any Ca 2ϩ change (Figures 2A and 3A) . In order to observe a with the Ca 2ϩ rise was not an imaging artifact. Ubiquitination by itself, in the absence of proteasomal activity, sustained net destruction of cyclin B1, we needed to look at additional sperm-triggered Ca 2ϩ spikes. In eggs does not quench fluorescence of the construct but, as predicted, stabilizes it [16]. However, the drop in the in which the magnitudes of the subsequent Ca 2ϩ spikes were as large as the initial rise, discrete drops in cyclin GFP signal seen here could have been due to a spillover in the fura2 signal or a form of fluorescence resonance B1 levels continued to be associated with each Ca 2ϩ spike ( Figure 3A) . This was not so in inseminated eggs energy transfer. This was not the case, since no drop in GFP levels was observed during the first sperm-induced in which Ca 2ϩ spikes were of a smaller magnitude ( Figure  3B ). The critical Ca 2ϩ concentration needed to trigger Ca 2ϩ spike when eggs expressing cyclin B1::GFP were inseminated in the presence of colcemid to inhibit immediate cyclin B1 destruction was 600 nM ( Figure 3C ). However, independent of the magnitude of the spikes, a APC/C activity (n ϭ 22, data not shown). In summary, we have used a GFP-based approach to examine real-time cyclin destruction in mouse eggs. In mitotic cells, cyclin B1 destruction is associated with chromosome alignment at metaphase [16] . In mouse eggs, whose sister chromatids are already aligned at metaphase before fertilization, we found that the APC/C is active, resulting in a short half-life for cyclin B1 of about 1 hr. However, sperm induced an immediate 6-fold increase in APC/C-mediated cyclin B1 destruction when it raised intracellular Ca 2ϩ levels above 600 nM. This effect was transitory, and repetitive Ca 2ϩ spikes were required to initiate continuous cyclin B1 destruction during meiotic exit until entry into S phase. Direct visualization of cyclin B1 turnover in fertilized mouse eggs has therefore demonstrated the physiological basis for repetitive Ca 2ϩ spikes, which have been previously reported in a number of mammalian eggs. They ensure continuous cyclin B1 destruction during a protracted exit from meiosis. 
